Abstract-Using cyclic voltammetry, we have investigated the electron transfer properties of supramolecular complexes of formamide (FA) with adrenaline (Ad) at graphite electrode and graphite electrode soaked in paraffine wax, respectively. The experimental results show that FA will affect the electron transfer properties of Ad. The formed supramolecular complexes by hydrogen bond (H-bond) interaction between FA and Ad will slow down the diffusion ability of adrenaline and make it hard to donate electron and be oxidized.
I. INTRODUCTION
The importance of the amide linkage is demonstrated by the fact that the amide peptide bond is the basic linkage in peptides and proteins. Its duality to function as both hydrogen bond (H-bond) donor and acceptor makes the linkage versatile in molecular assembly and recognition. For examples, the H-bonds among peptide bonds in proteins are the key driving forces for forming the organized -helix and -sheet secondary structures. The linkage also plays important roles in the pharmacophores of the antibacterial agents such as penicillins and carbacephems and has been utilized in designing enzyme inhibitors [1] - [4] . Formamide (FA) is one of the simplest molecules usually chosen as a model for studying biological systems exhibiting the peptide type of bonding and DNA structures. The characterization of the hydrogen-bonding interaction between formamide and water has been well studied by many theoretical calculations [5] - [9] , while in the case of formamide-adrenaline complex there are a few investigations. Adrenaline (Ad) is a secreted hormone from the adrenal medulla, as an important catecholamine neurotransmitter in the mammalian central nervous system. Therefore, the investigation of the H-bond interaction between formamide and adrenaline must be very useful for studying biological systems exhibiting the peptide type of bonding and DNA structures.
II. EXPERIMENTAL
The pH 7.4 Krebs-Ringer phosphate buffer (KRPB) solution [10] , consisting of 0.025 mol/L Na 2 HPO 4 , 0.13 mol/L NaCl, 4.9×10 -3 mol/L KCl, and 2.5×10 -3 mmol/L MgSO 4 , mimics the physiological condition in human body. The reagent of adrenaline (>97%) was supplied by Fluka Co. (Sweden). The concentration of adrenaline aqueous solution was 3.0×10 -4 mol/L. Other employed solutions were prepared with analytic grade reagents and doubly distilled water.
The electrochemical experiments were performed on an EG&G PAR M398 electrochemical impedance system with an M283 potentiostat/galvanostat. The three-electrode-system was used to carry out electrochemical tests. A graphite electrode served as a working electrode, a platinum wire served as a counter electrode, and a saturation calomel electrode (SCE) served as reference electrode. A luggin capillary was used to connect the reference and working electrodes. Highly pure nitrogen gas was passed through the solution for 15 min to remove dissolved oxygen in solution before measurements, and all measurements were carried out under nitrogen atmosphere at room temperature.
III. RESULTS AND DISCUSSION
The cyclic voltammetry (CV) curves of adrenaline at graphite electrode in the solution with different concentration of FA are presented in Fig. 1 . peak 1 of curve a corresponds to the oxidation peak of adrenaline. It can be seen that, with the addition of FA, the anodic peak current of peak 1 increases and reaches the maximum at 1:1 concentration ration of Ad with FA. To continue adding FA, the current of peak 1 will decrease instead. The phenomena can be interpreted as follows: the graphite electrode surface is loose and porous, which will provide strong absorption strength and big active surface area for electro-redox reactions. So small molecule, such as FA, will be absorbed into the micropores. Therefore, with the addition of FA at the beginning, the anodic peak current of peak 1 increases, which because the formation of the complex between Ad and FA combinding with H-bonds brings more Ad molecules into the micropores and makes the electro-redox reaction be easier. However, with the increase of the concentration of FA further, the H-bonds between Ad and FA will protect the phenolic hydroxyl group effectively and make it hard to donate proton, causing the anodic peak current of peak 1 decreases.
In order to prove above explication, the CVs of Ad on the graphite electrode (curve a) and graphite electrode soaked in paraffine wax (curve b) in KRPB are conducted and the results are shown in Fig. 2 . The graphite electrode soaked in paraffine wax was fabricated according to the literature of [11] . It can be seen from that the peak currents on graphite electrode soaked in paraffine wax decrease obviously compared with those on graphite electrode, which because the mcropores are blocked by paraffine wax. So the explication above is reasonable. The cures of a and b denote the cyclic voltammograms with graphite electrode and graphite electrode soaked in paraffine wax, respectively.
The CVs of adrenaline on the graphite electrode soaked in paraffine wax in KRPB buffer solution containing different concentration of FA are also studied (Fig. 3) . The results show that the anodic peak current of peak 1 decreases a little with the addition of FA. The phenomena demonstrate that FA inhibits the electron transfer of Ad weakly, which is consistent with the calculational result (see below) that there are weak H-bond interaction between FA and Ad, and the H-bonds will protect the phenolic hydroxyl group of Ad effectively and cause the oxidation reaction ability of Ad decrease.
The CV curves of 6×10 -3 mol/L adrenaline at platinum electrode in the KCl-HCl solution (constant ionic strength (I=1) and constant PH value is 1) with different concentration of formic acid are presented in Fig. 4 showing peak 1 of curve a corresponds to the oxidation of adrenaline into adrenalinequinone (anodic peak), and peak 2 of curve a corresponds to the reduction of adrenalinequinone into adrenaline (canodic peak). It can be seen that with the addition of formic acid, the electron transfer ability of adrenaline decreases as follows: the anodic peak potential (E pa ) shifts positively, the canodic peak potential (E pc ) shifts negatively, the peak-to-peak potential separation between anodic and canodic peak potential (ΔE p ) increases, and the anodic and canodic peak current (i pa and i pc ) decrease significantly. The results demonstrate the inhibition effect of formic acid on the electron transfer reaction of adrenaline, which has been verified by the fact that formic acid can form stable supramolecular complexes with adrenaline by hydrogen bond interaction and the formed supramolecular complexes will protect the phenolic hydroxyl groups of adrenaline and make it hard to donate H + and be oxidized. The CV curves of 6×10 -3 mol/L adrenaline at platinum electrode in a series of KCl-HCl solution (constant ionic strength (I=1) of KCl) with different high concentrations of formic acid and different Ph values are shown in Fig. 5 . It can be seen from Fig. 5 that with the concentration of formic acid increasing and the Ph value of solution decreasing, the peak-to-peak potential separation between anodic and canodic peak potential becomes larger, while the anodic and canodic peak current becomes smaller. In this experimental condition, there is a linear relationship between E pa and i pa with Ph value.
In order to eliminate the influence of Ph values on the experimental results, we drew the CV curves of 6×10 -3 mol/L adrenaline at graphite electrode in the HCl solution (constant ionic strength) with different Ph values (see Fig. 6 ). We can find that in the HCl solution without formic acid, ΔE p decreases and i p increases with the Ph value becoming smaller, which is contrary to the changing trend of ΔE p and i p for adrenaline in the solution with different high concentrations of formic acid and different Ph values. The phenomenon can be interpreted by the hydrogen bond interaction between adrenaline and formic acid, which will protect the phenolic hydroxyl groups of adrenaline and make it hard to donate H + and be oxidized. The effect of hydrogen bond interaction on the adrenaline is much larger than the effect of Ph value on it. Therefore, ΔE p will decrease and i p will increase with the Ph values increasing in the solution with different high concentrations of formic acid and different Ph values. In this section, the KCl-HCl solution (constant ionic strength (I=1) and constant Ph value is 1) was also used as the studying medium as the experiment about acetic acid. The CV curves of 6×10 -3 mol/L adrenaline at platinum electrode in the KCl-HCl solution with different concentration of acetic acid are presented in Fig. 7 .
The changing trend is similar to the experimental phenomena of formic acid system. With the concentration proportion of acetic acid increasing, E pa shifts positively, E pc shifts negatively, ΔE p increases, and i p decreases. The results show that there is also inhibition effect of acetic acid on the electron transfer reaction of adrenaline. The hydrogen bond interaction will protect the phenolic hydroxyl groups of adrenaline and make it hard to donate H + and be oxidized. 
IV. CONCLUSION
The electron transfer properties of supramolecular complexes of FA with Ad at graphite electrode and graphite electrode soaked in paraffine wax using CV have been investigated in this paper. Our experimental data show that FA affects the electron transfer properties of adrenaline. The supramolecular complexes of FA-Ad formed by H-bond interaction between FA and Ad will protect the phenolic hydroxyl groups of adrenaline and make them hard to donate electron and be oxidized.
